sequence specificities of these primers were checked by using the sequences in the GenBank database, and no homology with the sequences of other viral or bacterial organisms was detected by a search with the BLAST program.
The nested PCR was performed with serial 10-fold dilutions of total DNA (from 500 ng to 0.5 fg) extracted from the Nine Mile strain of C. burnetii to determine the minimum level of DNA detectable by the assay.
DNA amplification. Amplification programs for the primers Q3-Q5 and Q4-Q6 were described previously (10) . For the nested PCR with primers OMP1-OMP2 and OMP3-OMP4, the first amplification was performed in a total volume of 50 l containing 5 l of DNA sample, 50 mM KCl, 10 mM Tris-HCl (pH 8.3), 1.5 mM MgCl 2 , 200 M (each) dATP, dCTP, dGTP, and dTTP, 0.5 M primer OMP1, 0.5 M primer OMP2, and 2 U of Taq DNA polymerase (Takara Shuzo, Co., Ltd., Shiga, Japan). The mixtures were overlaid with 2 drops of mineral oil. PCR was performed at 94°C for 3 min and then for 36 cycles of 94°C for 1 min, 54°C for 1 min, and 72°C for 1 min in a DNA thermal cycler (Perkin-Elmer GeneAmp PCR system 9600; Takara Biomedicals, Kyoto, Japan). In the second amplification, the reaction mixture and conditions were the same as those in the first amplification except for the primers and DNA templates. Primers OMP3 and OMP4 were used at 0.5 M each, and 1 l of the first amplification product was used as the DNA template. A positive control with 5 pg of C. burnetii DNA as the template and a negative control without DNA template were included in each PCR run.
Detection of PCR products. The PCR-amplified products were examined by electrophoresis in a 1.5% agarose gel, stained with ethidium bromide (0.5 g/ ml), visualized under UV illumination (TM-20; UVP, Inc.) at 320 nm, and photographed.
Restriction endonuclease digestion. The products were digested with restriction enzymes known to cut within the target sequence to confirm the identities of the amplified products. The 438-bp amplification products were digested with the restriction enzymes SspI and SalI. One SspI site and one SalI site were present in the amplified region of the com1 gene sequence of C. burnetii. These were compared with the amplification products of reference strains and human serum samples digested with SspI and SalI. The restriction products were also examined by electrophoresis and UV illumination for photography as described above.
RESULTS

Specificity of the nested PCR.
The primers OMP1-OMP2 and OMP3-OMP4 amplified the predicted products of the 501-bp DNA in the first amplification and the 438-bp DNA in the second amplification of PCR with DNA templates from all 21 of the isolates of C. burnetii used. No products were amplified when the DNAs from the 14 other microorganisms and negative controls were used. The specificities of the newly synthesized primers OMP1-OMP2 and OMP3-OMP4 were further demonstrated by digesting the amplified products from a reference strain of C. burnetii with the restriction enzymes SspI and SalI. Digestion of the first PCR products of 501 bp of DNA with SspI and SalI yielded 318-and 183-bp and 348-and 153-bp fragments, respectively. Digestion of the second PCR products of 438 bp of DNA with SspI and SalI yielded 283-and 155-bp and 313-and 125-bp fragments, respectively ( Fig. 1) .
Sensitivity of the nested PCR. The primers OMP1-OMP2 and OMP3-OMP4 amplified the predicted products in reactions with about 5 fg of total DNA (corresponding to 1 organism) ( Fig. 2A and B) . The primers Q3-Q5 and Q4-Q6 amplified the predicted products in reactions with about 500 fg of total DNA (corresponding to 100 organisms) ( Fig. 2C and D) .
Detection of C. burnetii DNA sequences in human serum samples. The efficacies of the two primer systems for the detection of C. burnetii DNA in human serum samples were compared ( Table 1 ). The primers Q3-Q5 and Q4-Q6 amplified the predicted products with DNA templates from 86 of 255 serum samples. The primers OMP1-OMP2 and OMP3-OMP4 amplified the predicted products with DNA templates from 146 of 255 serum samples (Fig. 3 ). Among sera positive by IF, 55.5% (86 of 155) were positive with primers Q3-Q5 and Q4-Q6, 87.1% (135 of 155) were positive with primers OMP1-OMP2 and OMP3-OMP4, while 31.6% (49 of 155) were positive with primers OMP1-OMP2 and OMP3-OMP4 but negative with primers Q3-Q5 and Q4-Q6. Among the IF-negative sera, none were positive with primers Q3-Q5 and Q4-Q6, but 11% (11 of 100) were positive with primers OMP1-OMP2 and OMP3-OMP4. The results indicate that the nested PCR with primers OMP1-OMP2 and OMP3-OMP4 detected 60 positive serum specimens negative by the nested PCR with primers Q3-Q5 and Q4-Q6.
Positive results of the nested PCR with primers OMP1-OMP2 and OMP3-OMP4 were correlated with the IF antibody titer of the sera (Table 2) 
DISCUSSION
A nested PCR with newly designed primers targeted to the com1 gene encoding a 27-kDa OMP was developed for the detection of C. burnetii. This nested PCR was demonstrated to be highly specific for 21 strains of C. burnetii and a useful method for the detection of the pathogen in human serum samples.
Although the PCR method has been used for the detection of C. burnetii by some researchers (10, 27, 29, 30, 31) , our method is the first to use primers designed from the OMP gene, com1, for the detection of C. burnetii in human serum samples by nested PCR. The com1 gene sequence was chosen for the target of PCR amplification because we demonstrated in a previous report that it is highly conserved among 21 strains of C. burnetii from various clinical and geographical sources (32) .
The sensitivity of the nested PCR with primers OMP1-OMP2 and OMP3-OMP4 was higher than that of the nested PCR with primers Q3-Q5 and Q4-Q6. Comparison of the sensitivities of the two primer systems in tests with human serum samples indicated that the nested PCR with primers OMP1-OMP2 and OMP3-OMP4 detected 60 positive serum specimens negative by the nested PCR with primers Q3-Q5 and Q4-Q6. Thus, the nested PCR with primers OMP1-OMP2 and OMP3-OMP4 was more sensitive than the nested PCR with primers Q3-Q5 and Q4-Q6 for the detection of C. burnetii in serum samples.
Comparison of the nested PCR results with those of IF indicated agreement for most of the serum samples, but discrepant results were found for some serum samples. We found that 11 of 100 IF-negative serum samples were PCR positive, probably resulting from the failure of IF to detect antibodies in serum samples collected during the early stage of infection. This possibility was further supported by the occurrence of C. burnetii in the serum samples obtained during the acute phase (2), during which antibodies were sometimes undetectable by IF (12, 22) . We have also found that some serum samples from patients with the acute phase of Q fever were PCR positive but IF negative (10) . These results suggest that the nested PCR is more sensitive than IF for the primary diagnosis of acute Q fever.
Antibodies against C. burnetii often persist for long periods after the organisms disappear from the blood of Q fever patients who are convalescing or receiving antibiotic therapy (4, 6) . Musso and Raoult (15) also indicated that C. burnetii could not be isolated from the blood of similar patients by using cell culture. Hence, in our present study, the occurrence of 20 PCR-negative samples among 155 IF-positive serum samples may be explained by antibody persistence in convalescing patients who are devoid of C. burnetii at levels above the detection limits of the PCR assay. Therefore, the PCR results appear to indicate the presence or absence of the com1 gene fragment of C. burnetii in the blood, so PCR may be used to evaluate the efficacy of antibiotic therapy or optimize the antibiotic regimen for Q fever patients.
Our results also indicated that a high level of antibody detected by IF was correlated with the presence of C. burnetii DNA sequences in human serum samples. This observation is not surprising, since antibodies apparently do not play a direct role in resistance to C. burnetii infections (11) or prevent the occurrence of chronic disease (19, 20) . Blood culture and serology can be positive at the same time in patients with acute Q fever, and C. burnetii can persist in patients for long periods, despite the presence of high levels of antibodies (15) . Kazar et al. (13) also demonstrated that immune sera containing either phase II antibody or both phase I and phase II antibodies did not neutralize the organisms.
The results of this study suggest that the nested PCR with primers targeted to the com1 gene is highly specific and sen- sitive for the detection of C. burnetii, and it may be useful for laboratory diagnosis and assessment of the efficacy of antibiotic therapy for Q fever. Particularly in combination with IF, it may provide a more reliable yet quick means of diagnosing Q fever. We suggest that the clinical diagnosis of Q fever could be made on the basis of both the results of IF and the results of PCR for the detection of C. burnetii in serum samples. 
